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[57] ABSTRACT 

A yellow ink composition for ink jet printing is composed of 
an aqueous solution which includes a water-soluble dye 
which containing (a) a dye compound of formula (I), 

(coo-Mo,- (1) 

-continued 

and (b) at least one of a dye compound of formula (II) 

OCH3 
(503140! 

N Y N 
Z 

(11) 

OCH; 

(503140," 

or a dye compound of formula (III) 

COOM 

a surfactant, and a wetting agent. By use of this ink com 

position, a method of forming images on an image receiving 

medium is performed which includes the step of ejecting the 

aqueous ink composition in the form of droplets by the 
application of thermal or mechanical energy thereto onto an 

image receiving medium with a Stdckigt size degree of 3 
seconds or more. 

31 Claims, No Drawings 
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YELLOW INK COMPOSITION FOR INK-JET 
PRINTING AND IIVIAGE RECORDING 

METHOD USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a yellow ink composition 
for ink-jet printing, capable of producing images with excel 
lent color tone and high density, free from image blurring, 

(COOM)j 

2 
thereof. However, the preservation stability and ejection 
stability of the ink composition are insu?icient and lacks 
reliability for use in practice. 

A dye of the following general formula, including a 
counter ion, ——NI-I4 represented by M, which is intended to 
improve the water resistance thereof, was proposed by R. W. 
Kenyon of ZENECA Co., Ltd. at the 9th International 
Congress on Advances in Non-Impact Printing technologies/ 
JAPAN HARDCOPY ‘93: 

(COOM)k 

and also with excellent water resistance, light-resistance, 
preservation stability, ink ejection stability and drying char 
acteristics. The present invention also relates to a method of 
recording images by use of such a yellow ink composition. 

2. Discussion of Background 
Generally, an aqueous ink composition for use in ink-jet 

printing comprises as constituent components a dye, a 
wetting agent and water. 
As the dyes for use in such aqueous ink compositions, 

there are known acid dyes, direct dyes and basic dyes. 
However, of such dyes, basic dyes are not used so much in 
an aqueous ink composition for ink-jet printing. Instead, 
direct dyes or acid dyes are primarily employed in view of 
su?icient safety and preservation stability thereof for use in 
practice. 

In conventional inks for ink-jet printing, as direct dyes, 
for example, C.I. Direct Yellow 1, 8, 12, 24, 26, 33, 44, 50, 
86, 120, 132 and 144 are employed; and as acid dyes, for 
example, C.I. Acid Yellow 17, 42, 44, 79 and 142 are 
employed. 

However, when an ink composition containing such a 
direct dye is used in ink Jet printing, there are caused various 
problems which stem from poor preservation and ejection 
stabilities of the ink composition. 

More speci?cally, precipitates are formed in the ink 
composition or the physical properties of the ink composi 
tions change during an extended period of storage, or while 
in continuous use or not in use in an ink-jet printing 
apparatus, an the nozzles of the ink j et printing apparatus are 
clogged with the ink composition during the periods of use 
and non-use thereof, because of the poor solubility of the 
direct dye in the ink composition. 

Many acid-dye-containing ink compositions are capable 
of yielding excellent color tone, but images formed or 
recorded by acid-dye containing ink compositions have poor 
water resistance and light-resistance and therefore lack 
preservability. 

For example, Japanese Laid-Open Patent Application 
2-233781 discloses an ink composition which employs a 
direct dye, C.I. Direct Yellow 86, for ink jet printing, 
attempting to improve the color reproduction performance 

25 
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When an ink composition containing the above dye is 
employed for ink jet printing, images with excellent color 
tone and water resistance can be produced, but the image 
density thereof is low, and the preservation stability and ink 
ejection stability of the ink composition are insuflicient for 
use in practice and therefore the ink-composition lacks 
operational reliability. 

In order to obtain recorded images with high image 
density, it is necessary to increase the concentration of a dye 
in an ink composition for ink jet printing. In order to increase 
the concentration of a dye in an ink composition, it is 
necessary that the solubility of the dye in the ink composi 
tion be high. 
The solubility of the dye in the ink composition has 

signi?cant effects on the preservation stability and ejection 
stability of the ink composition. 
Dyes used in conventional ink compositions for ink jet 

printing do not have high solubility and dissolving stability, 
and therefore such conventional ink compositions are not 
capable of recording images with high density, excellent 
color tone, high water resistance and light-resistance, and do 
no have excellent preservation stability and ejection stabil 
ity. 

Furthermore, surfactants are added to conventional ink 
compositions for ink jet printing in order to improve the 
drying rate of images printed by the ink compositions. Such 
surfactants have the functions of decreasing the surface 
tension of the ink compositions and therefore increasing the 
penetration of the ink compositions into image receiving 
paper, thereby increasing the drying rate of the printed 
images. 

Japanese Laid-Open Potent Application 55-29546 dis 
closes an ink composition which comprises a surfactant. In 
this ink composition, by use of a surfactant, the penetration 
of the ink composition into paper is increased, thereby 
increasing the drying rate of images printed on paper. 
However, this ink composition has the shortcoming that 
printed images considerably spread on some paper so that 
image quality is signi?cantly lowered. 

Japanese Patent Publication 80-23793 discloses an ink 
composition which comprises a dialkylsulfosuccinate as a 
surfactant for improving the drying rate of printed images 
and minimizing the deterioration of printed images. How 
ever, when sodium dioctylsulfo-succinate or sodium dihexy 
lsulfosuccinate is used as the surfactant, the diameters of 
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picture elements of printed images vary on some paper, and 
when the pH of the ink composition is on an alkaline side, 
such a surfactant may be decomposed, and therefore the 
effect of such a surfactant will be lost when preserved for an 
extended period of time. 

Japanese Laid-Open Patent Application 56-57862 dis 
closes an ink composition comprising a strong basic material 
for improving the drying rate of printed images. Such an ink 
composition is effective for the improvement of the pen 
etration of the ink into a rosin-sized acidic paper, but not 
effective for a paper sized with an alkyl ketene dimer or 
alkenyl sulfosuccinic acid. 

Furthermore, even in the case of the acidic paper, the 
above-mentioned ink composition is not effective for a 
two-color-superimposed portion thereof. 

Japanese Laid-Open Patent Application 1-203483 dis 
closes an ink composition comprising a polyhydric alcohol 
derivative and pectin in an attempt to increase the drying rate 
of the ink composition and to prevent the blurring of the ink 
composition on paper, thereby obtaining recording images 
with excellent image quality. However, when this ink com 
position is used in an ink-jet printer, the ejection of the ink 
composition from the nozzles of the printer is unstable when 
the printing operation is resumed after some intermission, 
because pectin is a nonionic material having hydroxyl 
groups as hydrophilic groups and has poor water solubility. 

Thus, it is extremely di?icult to improve the drying rate of 
printed images, without impairing the ejection stability, 
while preventing the blurring of printed images and obtain 
ing recorded images with excellent image quality, by con 
ventional ink compositions for ink jet printing. 

In order to perform excellent ink jet printing over a long 
period of time, it is required that an ink composition for 
ink-jet printing satisfy the following conditions: 

(1) The viscosity, surface tension, speci?c electric con 
ductivity and density of the ink composition fall within 
certain appropriate respective ranges which are suitable 
for an ink droplet formation method and a method of 
controlling the direction of ejected ink droplet streams 
employed. Thus, the ejection characteristics the ink 
composition are excellent. 

(2) The preservation stability of the ink composition is so 
good that no precipitates are separated or formed, due 

(corn/1+), 
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(3) The ejection stability of the ink composition is so good 

that the direction of the ejected ink droplet streams is 
not shifted from a predetermined direction and the 
weight of each ink composition droplet is not changed 
during continuous ejection for recording by an ink jet 
printing apparatus, or when ink jet printing is resumed 
after a non-use period, and that the nozzles of the ink 
jet printing apparatus are not plugged with the ink 
composition. 

(4) Images printed by the ink composition have excellent 
color tone and suf?ciently high density and are clear 
and free from blurring. 

(5) Images printed by the ink composition dry rapidly. 
(6) Images printed by the ink composition are su?iciently 

resistant to water, light and physical wear for use in 
practice. 

However, conventionally it is di?icult to obtain an ink 
composition for ink jet printing, particularly, a yellow ink 
composition for ink jet printing, which is capable of pro 
ducing recorded images with excellent color tone, water 
resistance, and light-resistance, and with high image density, 
and improved drying rate, free from blurring, and which has 
excellent preservation stability and ejection stability. 

SUMMARY OF THE INVENTION 

Accordingly, it is therefore a ?rst object of the present 
invention to provide a yellow ink composition for ink-jet 
printing, which is capable of producing recorded images 
with excellent color tone, water resistance, and light-resis 
tance, and with high image density, and improved drying 
rate, free from blurring, and which has excellent preserva 
tion stability and ejection stability. 
A second object of the present invention is to provide a 

method of recording images by use of the above~mentioned 
yellow ink composition. 
The ?rst object of the present invention can be achieved 

by a yellow ink composition for ink jet printing comprising 
an aqueous solution which comprises: 

a water-soluble dye which comprises (a) a dye compound 
of formula (I), 

to chemical changes or other causes, from the ink 

composition during an extended period of storage, or 
during the periods when an ink jet printing apparatus is 
in continuous use, or not in use, and no physical 

properties of the ink composition change during the 
above-mentioned periods. 

55 

wherein X and Y are each selected from the group consisting 
of a hydrogen atom, an alkyl group, an alkoxyl group and a 
halogen; Z is an alkanolamine group; M“ is selected from 
the group consisting of an alkali metal cation, a quaternary 
ammonium cation, a quaternary phosphonium cation, and an 
alkanol amine cation; and j and k are each an integer of 0 to 
3, and (b) at least one of a dye compound of formula (11) 



5,622,550 
5 

OCH3 OCH3 
(SOYMIM 

N Y N 
Z 

wherein Z and M+ are respectively the same; and l and m are 
each an integer of 0 to 3, or a dye compound of formula (III) 

COOM 

wherein X, Y and M+ are respectively the same as in formula 

(I), 
a surfactant, and 

a wetting agent. 
In the above-mentioned yellow ink composition of the 

present invention, the alkali metal cation represented by M+ 
may be a cation selected from the group consisting of Na+ 
and Li*. 

Furthermore, in the yellow ink composition of the present 
invention, the quaternary ammonium cation represented by 
M+ may be a cation represented by formula (1): 

R1 + (1) 

R4—-1|\I-—-R2 
1L3 

wherein R1 to R4 each is selected from the group consisting 
of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, and a halogenated alkyl group having 1 to 4 carbon 
atoms. 

Furthermore, in the yellow ink composition of the present 
invention, the alkanolamine cation represented by M’r may 
be a cation represented by formula (2): 

R11 + 

wherein at least one of R11 to R14 is a hydroxyl alkyl group 
having 1 to 4 carbon atoms, and the other is selected from 
the group consisting of a hydrogen atom, an alkyl group 
having 1 t0 4 carbon atoms, and a halogenated alkyl group 
having 1 to 4 carbon atoms. 

In the yellow ink composition of the present invention, the 
quaternary phosphonium cation represented by M+ may be 
a cation represented by formula (3): 

R21 + e) 

R23 
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Z 

(111) 

wherein R21 to R24 each is selected from the group consist 

ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 

atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 

and a halogenated alkyl group having 1 to 4 carbon atoms. 

In the yellow ink composition of the present invention, 
when the dye compound of formula (III) is employed, it is 
preferable that the amount thereof be 30 wt. % or less of the 

entire weight of the water-soluble dye. 

In the yellow ink composition of the present invention, the 
surfactant may be selected from the group consisting of a 

polyoxyethylene alkyl ether acetate of formula (IV), 

wherein R a straight-chain or branched alkyl group having 

13 to 14 carbon atoms, M‘" is an alkali metal cation, a 

quaternary ammonium cation, a quaternary phosphonium 

cation or an alkanolarnine cation, and n is an integer of 3 to 

12; and a dialkylsulfosuccinate of formula (V), 

R'OCOCI-MIIHCOOR‘ (V) 

wherein R’ is a straight-chain or branched alkyl group 

having 5 to 7 carbon atoms, and MI‘ is the same as de?ned 

in formula (IV). 

M+' may be the same cation as previously defined in 

formula (1), (2) or (3). 
As the surfactant for use in the yellow ink composition of 

the present invention, there can be employed a compound of 

formula (VI), 

wherein R" is a straight-chain or branched alkyl group 

having 6 to 14 carbon atoms, and n‘ is an integer of 5 to 12; 

or a compound of formula (VII), 
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wherein a and b are each an integer of 0 to 40. 
The above yellow ink composition may further comprise 

at least one of urea or a urea derivative. 

In the yellow ink composition of the present invention, the 
wetting agent may comprise triethylene glycol in an amount 
of 1 to 80 wt. % of the entire weight of the wetting agent. 

It is preferable that the yellow ink composition of the 
present invention have a pH of 7 to 11. 
A second object of the present invention can be achieved 

by a method of recording images on an image receiving 
medium, comprising the step of ejecting the above-men 
tioned yellow ink composition in the form of droplets by the 
application of thermal or mechanical energy thereto onto an 
image receiving medium with a Stockigt size degree of 3 
seconds or more. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A yellow ink composition for ink jet printing of the 
present invention comprises an aqueous solution compris 
ing: 

a water-soluble dye which comprises (a) a dye compound 
of formula (I), 

(corn/1+), 

25 

30 

(I) 

wherein X and Y are each selected from the group consisting 
of a hydrogen atom, an alkyl group, an alkoxyl group and a 
halogen; Z is an alkanolamine group; M+ is selected from 
the group consisting of an alkali metal cation, a quaternary 
ammonium cation, a quaternary phosphonium cation, and an 
alkanolamine cation; and j and k are each an integer of 0 to 
3, and (b) at least one of a dye compound of formula (II) 

OCHg 
(SOs-1W)! 

N (503_M+)m 

N=N NIH’ we N=N@ 
N Y N 

Z 

wherein Z and M’’ are respectively the same; and l and m are 

each an integer of 0 to 3, or a dye compound of formula (III), 

45 

50 

(11) 
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COOM 

wherein X, Y and M+ are respectively the same as in formula 
(I), ' 

a surfactant, and 
a wetting agent. 
In the above yellow ink composition, the alkali metal 

cation represented by M+ may be a cation selected from the 
group consisting of Na+ and Li"; the quaternary arrunonium 
cation represented by M+ may be a cation represented by 
formula (I): 

1L3 
wherein R1 to R4 each is selected from the group consisting 
of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, and a halogenated alkyl group having I to 4 carbon 
atoms; the alkanolamine cation represented by M+ may be a 
cation represented by formula (2): 

t (2) 
R11 

11113 
wherein at least one of R11 to R14 is a hydroxyl alkyl group 
having I to 4 carbon atoms, and the other is selected from 
the group consisting of a hydrogen atom, an alkyl group 
having I to 4 carbon atoms, and a halogenated alkyl group 
having 1 to 4 carbon atoms; and the quaternary phospho 
nium cation represented by M+ may be a cation represented 
by formula (3): 

+ (3) 
R21 

R24__I|\I._.R22 
,1... 

wherein R21 to R24 each is selected from the group consist 
ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 
and a halogenated alkyl group having 1 to 4 carbon atoms. 
When M+ is the above-mentioned alkali metal cation such 

as Na+ and Lil’, the quaternary ammonium cation, the 
alkanolamine cation, or the quaternary phosphonium cation, 
the water-soluble stability, preservation stability and ejec 
tion stability of the yellow ink composition are signi?cantly 
improved, so that highly reliable ink jet printing can be 
performed to produce excellent recorded images. 

In the yellow ink composition of the present invention, 
when the dye compound of formula (I) and the dye com 
pound of formula (H) are used in combination, it is prefer 
able that the amount of the dye compound of formula (I) be 
in the range of 50 to 90 wt. % of the entire weight of the 
water-soluble dye, and the amount of the dye compound of 
formula (H) be in the range of 50 to 10 wt. % of the entire 
weight of the water-soluble dye. 
When the dye compound of formula (I) and the dye 

compound of formula (H1) are used in combination, it is 
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10 

(III) 

preferable that the amount of the dye compound of formula 
(I) be in the range of 70 to 95 wt. % of the entire weight of 
the water-soluble dye, and the amount of the dye compound 
of formula (IH) be in the range of 30 to 5 wt. % of the entire 
weight of the water-soluble dye. 
When the dye compound of formula (I), the dye com— 

pound of formula (H) and the dye compound of formula (IH) 
are used in combination, it is preferable that the amount of 
the dye compound of formula (I) be in the range of 50 to 90 
wt. % of the entire weight of the water-soluble dye, the 
amount of formula (H) be in the range of 45 to 1 wt. %, and 
the amount of the dye compound of formula (IH) be in the 
range of 5 to 9 wt. % of the entire weight of the water 
soluble dye. 
When the dye compound of formula (I) and the dye 

compound of formula (II) and/or the compound of formula 
(HI) are employed in the above respective amount ranges, 
the water-soluble stability, preservation stability and ejec 
tion stability of the yellow ink composition can be signi?~ 
cantly improved, so that highly reliable ink jet printing can 
be performed to produce recorded images which are par 
ticularly excellent with respect to color tone, water resis 
tance and light resistance. 

In particular, when the dye compound of formula (I) and 
the dye compound of formula (H) are used in combination, 
and the amount of the dye compound of formula (H) is 10 
wt. % or more, the water solubility of the yellow ink 
composition can be signi?cantly improved. 
When the dye compound of formula (H1) is employed, if 

the amount thereof exceeds 30 wt. % of the entire weight of 
the water- soluble dye, the water resistance of printed images 
tends to be degraded. Therefore, it is preferable that the 
amount of the dye compound of formula (III) be 30 wt. % 
or less. 

In the yellow ink composition of the present invention, an 
anionic surfactant and a nonionic surfactant can be 
employed. 
As an anionic surfactant, it is preferable to employ a 

polyoxyethylene alkyl ether acetate of formula (IV), 

R0(CH2CH20),,CH2C00-M+' (IV) 

wherein R is a straight-chain or branched alkyl group having 
13 to 14 carbon atoms, M"' is an alkali metal cation, a 
quaternary ammonium cation, a quaternary phosphonium 
cation or an alkanolarnine cation, and n is an integer of 3 to 
12; or a dialkylsulfosuccinate of formula (V), 

R‘OCOCI-IZICI-ICOOR' (V) 

wherein R‘ is a straight-chain or branched alkyl group 
having 5 to 7 carbon atoms, and M‘“ is the same as de?ned 
in formula (IV). 
As the polyoxyethylene alkyl ether acetate of formula 

(IV), a polyoxyethylene alky ether acetate of formula (IV) in 
which R is an alkyl group having 13 carbon atoms and n is 
3, is preferable for use in the present invention. 

Furthermore, as the dialkylsulfosuccinate of formula (V), 
a dialkylsulfosuccinate of formula (V) in which R‘ is a 
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straight-chain or branched alkyl group having 5 or 7 carbon 
atoms is preferable for use in the present invention. 
By the addition of the above-mentioned polyoxyethylene 

alkyl ether acetate or dialkylsulfosuccinate to the yellow ink 
composition, the surface tension of the ink composition can 
be decreased, whereby the penetration performance of the 
ink composition into paper can be increased, so that when 
printing is performed by the above-mentioned polyoxyeth~ 
ylene alkyl ether acetate or dialkylsulfosuccinate containing 
yellow ink composition, for instance, on a sheet of pain 
paper, the drying rate of the printed images is high and the 
image quality thereof is also high. 

It is preferable that the surface tension of the ink com 
position be adjusted to 50 mN/m or less, more preferably to 
40 mN/m or less by the addition of such an anionic surfac 
tant thereto. 

In the present invention, it is preferable that such an 
anionic surfactant be employed in an amount in the range of 
0.01 to 3.0 wt. % of the entire weight of the yellow ink 
composition. 
When the amount of the anionic surfactant is less than 

0.01 wt. %, the surface tension of the ink composition tends 
not to be decreased su?iciently and therefore the drying rate 
of printed images will be low; while when the amount of the 
anionic surfactant is more then 3.0 wt. %, the surfactant 
tends to be precipitated during an extended period of stor 
age. 

Furthermore, since the dialkylsulfosuccinate may be 
decomposed when allowed to stand under an alkaline con 
dition, it is preferable that the pH of the ink composition be 
appropriately adjusted. 

In the above-mentioned anionic surfactants, the alkali 
metal cation represented by M‘“ may be a cation selected 
from the group consisting of Na+ and Li‘“; the quaternary 
ammonium cation represented by M"' may be a cation 
represented by formula (1): ‘ 

,I. 
wherein R1 to R4 each is selected from the group consisting 
of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, and a halogenated alkyl group having 1 to 4 carbon 
atoms; the alkanolamine cation represented by M"’ may be 
a cation represented by formula (2): 

R11 + (2) 

R14__.N_R12 

1|{l3 
wherein at least one of R11 to R14 is a hydroxyl alkyl group 
having 1 to 4 carbon atoms, and the other is selected from 
the group consisting of a hydrogen atom, an alkyl group 
having 1 to 4 carbon atoms, and a halogenated alkyl group 
having 1 to 4 carbon atoms; and the quaternary phospho 
nium cation represented by M"' may be a cation represented 
by formula (3): 

R21 + R24_1lq_R22 

1',” 
wherein R21 to R24 each is selected ?om the group consist 
ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 
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12 
atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 
and a halogenated alkyl group having 1 to 4 carbon atoms. 
When M"' in the surfactants is the above-mentioned alkali 

metal cation such as Na+ and Li‘“, the quaternary ammonium 
cation, the alkanolamine cation, or the quaternary phospho 
nium cation, the water-soluble stability, preservation stabil 
ity and ejection stability of the yellow ink composition are 
signi?cantly improved, so that highly reliable ink jet print 
ing can be performed in a stable manner, and therefore 
printed images with high image quality and minimum blur 
ring can be obtained at high drying rate. 
As a nonionic surfactant, it is preferable to employ a 

polyxethylene alkylphenyl ether of formula (V1), 

wherein R" is a straight-chain or branched alkyl group 
having 6 to 14 carbon atoms, and n' is an integer of 5 to 12; 
or an acetylene glycol derivative compound of formula 
(VII), 

O O 

(VII) 

2 

CH; CH 

wherein a and b are each an integer of 0 to 40. 
By the addition of the above-mentioned polyxethylene 

alkylphenyl ether of formula (VI) or acetylene glycol deriva 
tive compound of formula (VII) to the yellow ink compo 
sition, the surface tension of the ink composition can be 
decreased, whereby the penetration performance of the ink 
composition into paper and the wetting performance of the 
ink composition to the paper can be increased, so that when 
printing is performed by the above-mentioned polyxethyl 
ene alkylphenyl ether or acetylene glycol derivative com 
pound containing yellow ink composition, for instance, on a 
sheet of pain paper, the drying rate of the printed images is 
high and the printed images have high image quality with 
minimum spreading of the images. 

Furthermore, by use of these surfactants in combination 
with the water-soluble dye for use in the present invention, 
the deterioration of the printed images can be minimized. 

In the present invention, it is preferable that such a 
nonionic surfactant be employed in an amount in the range 
of 0.01 to 3.0 wt. % of the entire weight of the yellow ink 
composition. 
When the amount of the anionic surfactant is less than 

0.01 wt. %, the surface tension of the ink composition tends 
not to be decreased su?iciently and therefore the drying rate 
of printed images wall be low; while when the amount of the 
anionic surfactant is more than 3.0 wt. %, the surfactant 
tends to be precipitated during an extended period of stor 
age. 

Furthermore, when urea or a urea derivative such as 
hydroxyethyl urea or dihydroxyethyl urea is added to the 
above-mentioned polyxethylene alkylphenyl ether or acety 
lene glycol derivative compound surfactant, the interaction 
between the dyes and the nonionic surfactant is weakened, 
add the association of the dye molecules is loosened, 
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whereby the penetration performance, ejection stability and 
extended preservation stability of the aqueous ink compo 
sition can be signi?cantly improved. 

It is preferable that urea or such a urea derivative be added 

14 

TABLE l-continued 

. . . . . C2H4OH C3H7 

to the yellow ink composition in an amount in the range of 5 1 ] 

0.1 wt. % to 5 wt. % of the entire weight of the ink HaC—Il‘I—CHa 0H‘ HaC—Il‘I-CsHs 0H‘ 
composition in order to obtain the effect thereof sufficiently, CZHAOH can? 
without Changing the viscosity thereof when water is evapo- d 
rated from the aqueous ink composition. (c) ( ) 

In order to impart solubility stability to the water~soluble 10 C H C1 + C 
. . . 3 e 4H9 

dyes and the surfactants for use in the present invention [ [ 
during the preservation of the yellow ink composition of the H3C—N—C3H6C1 0H‘ H9C4—N~C4H9 0H 
present invention, or in order to increase the ejection sta- (‘2H Cl 'C 

. . . . . . . . 3 6 41-19 

bihty when eJectmg the 1nl< compositlon 1n the form of 
droplets for recording with the application of thermal energy 15 (e) (D 
to the ink composition, it is preferable that the counter ions C H C HAOH 
for the water-soluble dyes and the surfactants for use in the |2 5 |2 
present invention be a cation selected from the group H5C2~P—CzHs 0H‘ H3C—P~CH3 0H" 
consisting of lithium cation, sodium cation, the previously [ l 

. . . . CZHS CZH4OH 
mentioned quaternary ammomum canon, alkanolamme cat- 20 
ion, and quaternary phosphonium cation. (g) (h) 

For example, a water-soluble dye or surfactant in the form (CLHAOHENII-YIOH- (i) 
of a lithium salt is produced by adding lithium hydroxide to 
a free acid corresponding to the water-soluble dye or sur- _ _ _ 
factam- 25 However, it 1s not always required that all of the counter 

For the formation of the quaternary ammonium cations of ions for the Water-soluble dyes and the surfactants for use in 

formllla (1)’ fllkanolmne canons of formula (2)’ and PhPS‘ the present invention be a cation selected from the group 
phomum canons of fonnula (3)’ for example’ the fonOWmg consistin of lithium cation sodium cation the reviousl 
hydroxides as shown in TABLE 1 can be employed: g ’ ’ p y 

30 mentioned quaternary ammonium cation of formula (1), 

TABLE 1 alkanolamine cation of fonnula (2), and quaternary phos 

(IJHS + (IJZHS * phonium cation of formula (3). Other alkali ions may also be 

H3C-N-CH3 0H- H5C2—N~—C2H5 01-!- added thereto‘ _ 
l l 35 TABLE 2 shows representative examples of the dye 
CH3 C2H5 . . . 
( ) (b) compound of formula (I) for use 1n the present invention: 
a 

TABLE 2 

Yl-l CH3 COONa 

N 

N=N NH _|% \|'-— NH N=N 

N N 
\ 

COONa CH3 
HNCHZCHZOH 

Y1-2 OCH3 OCH3 COOLi 

N 

N=N NH -]4 “- NH N=N 
N N 
\ 

COOLi 
HNCHZCHZOH 

Yl-3 COOM 

N 

N=N NH ~14 T NH N=N 
N N 
\ 

COOM 
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TABLE 4 shows representative examples of the dye dye _ 
compound of formula (III) for use in the present invention: TABLE s'contmued 

No. 4 CH3(CH2)12O(C2H4O)6CH2COOLi 
TABLE 4 No. 5 CH3(CH2)12O(C2H4O)3CH2COOM 

5 M: I-IN(C2H4OH)3 
Y3-1 CH1 No. 6 CH3(CH2)12O(ClH4O)6CH2COOM 

M: HN(ClH4OH)3 

H0 N 503M No‘ 7 CH3(CH3)31CH0(C3H40)3CH3C00N§ | 
NaO3S N=N / N 10 CH3 

CH3 No. 8 CH3(CH2)11CHO(C2H40)5CH2COOM 
COONa | 

CH3 
Y3~2 CH3 

No. 9 CH3(CH2)5CHO(C2H4O)3CH1COONa 
15 , 

H0 CH3<CH3> CH2 
N S03Li 

I No. 10 CH3(CH2)6CH0(C2H4O)3CH2COOM 
LiO3S N=N / N | 

CH CH2(CH2) CH2 
3 M: HN(qH40H)3 

COOLi 20 

COOM . 

M: HN(QH4OH)3 CH3 503m CH3 

Y3_4 30 N0. 14 (CHQZCHCHZCHZOCOCH2fHCOOCH2CI-I2CH(CH3)Z 
SO3Na 

I-IO 
SO3Na No. 15 CH3(CH2)12O(C2H4O)2CH2COOK 

l 
N303S N: / 

35 TABLE 6 shows speci?c examples of a nonionic surfac 

COONK tant of formula (VI) or (V11) for use in the present invention: 
Y3-5 OCH 

3 TABLE 6 

H0 40 No. 1 
N $03M 

' | C9111; O(CH1CH1O)7H 
M035 N=N / N 

OCH3 
HM H O ) COOM No.2 

M: H 45 
(‘1 4 3 C9H19 0(CH2CH20)9H 

Y3-6 Cl 

HO N0. 3 CH3 CH3 CH3 CH3 
N s03u | | | | 

| 50 cH3_CH_‘CH2_(]:_cEC-"|C_CH2_CH_CH3 Li03s N=N / N O O 7 

C1 /i\ /'i\ COOLi 

(III-I2 (‘3H2 
TABLE 5 shows speci?c examples of an anionic surfac- 55 CH2 CH2 

tant of formula (IV) or (V) for use in the present invention: (I) (I) 

TABLE 5 \i/5 \|/6 
H H 

No. 1 CH3(CH2)12O(C‘QH4O)3CH2COONa 60 
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TABLE 6-continued 

N0. 4 CH3 CH3 CH3 CH3 

| 

A A: 
‘EH2 ICHZ 
CH2 CH2 

The polyoxyethylene alkyl ether acetate serving as an 
anionic surfactant is commercially available under a trade 
mark of “Nikkol ECT Series”, made by Nihon Surfactant 
Kogyo K. K. 
The dialkylsulfosuccinate is also commercially available 

under the trademarks of “AIRROL OB-70”, made by Toho 
Chemical Industry Co., Ltd., and “AEROSOL MA-80, 
AEROSOL AY-lOO”, made by Mitsui Cytec, Ltd. 
The polyoxyethylene alkyl phenyl ether serving as a 

nonionic surfactant is commercially available under the 
trademark of “Nonipol”, made by Sanyo Chemical Indus 
tries, Ltd, and the acetylene glycol derivative compound 
serving as a nonionic surfactant is also commercially avail 
able under the trademarks of “Surfynol 465” and “Surfynol 
485”, made by Air Products & Chemicals Inc. 

In the yellow ink composition of the present invention, 
water is employed as a solvent. In order to prevent the 
yellow ink composition from drying too quickly, or in order 
to improve the solubility stability of the ink composition, or 
in order to adjust the physical properties of the ink compo 
sition as desired, a wetting may be added to the ink com 
position. ' 

Speci?c examples of such a wetting agent are polyhydric 
alcohols such as ethylene glycol, diethylene glycol, trieth 
ylene glycol, polyethylene glycol, polypropylene glycol, 
glycerol, 1,5-pentanediol, 1,6-hexanediol, 1,2,6-hexanetriol, 
1,2,4-butanetri0l l,2,3~butanet1iol, and pentanetriol; alkyl 
ethers derived from polyhydric alcohols such as ethylene 
glycol monoethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, diethylene glycol monobutyl ether, tetra 
ethylene glycol monomethyl ether, and propylons glycol 
monoethyl ether; aryl ethers derived from polyhydric alco 
hols such as ethylene glycol monophenyl ether, and ethylene 
glycol monobenzyl ether; nitrogen-containing heterocyclic 
compounds such as N-methyl-Z-pyrrolidone, N-hydroxy 
ethyl-Z-pyrrolidone, l,3-dimethylimidazolidinone, and e-ca 
prolactarn; amides such as forrnamide, N-methylformamide, 
and N,N-dimethylformamide; amines such as monoethanol 
amine, diethanol amine, triethanol amine, monoethylamine, 
diethyl amine, and triethyl amine; sulfur-containing com 
pounds such as dimethyl sulfoxide, sulfolane, and thiodi 
ethanol; propylene carbonate; ethylene carbonate; and v-bu 
tyrolactam. These wetting agents can be employed alone or 
in combination when used together with water. 
Of the above-mentioned wetting agents, triethyelene gly 

col is particularly suitable for improving the solubility 
stability of the dye compound of formula (I). 

Furthermore, triethylene glycol has substantially no 
adverse effects on the nozzles and other parts of an ink jet 
printing apparatus when it comes into contact therewith. 
By the addition of triethylene glycol to the yellow ink 

composition, the preservation stability and ejection stability 
thereof can be signi?cantly improved. 
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Furthermore, by the addition of triethylene glycol, the 

plugging of the nozzles of the ink jet printing apparatus can 
be prevented since the deposition of solid components in the 
ink composition due to the evaporation of water therefrom 
can be minimized. 

Furthermore, by the addition of triethylene glycol, the 
concentration of the dye compounds in the yellow ink 
composition can be increased, so that printed images with 
high density can be obtained in a stable manner. 

It is preferable that the amount of triethylene glycol be in 
the range of l to 80 wt. % of the entire weight of the wetting 
agent employed in the ink composition to attain sufticient 
solubility stability of the dye compounds, preservation sta 
bility, and ejection stability of the ink composition, and also 
to obtain excellent printing quality. 

In the present invention, in order to increase the penetra 
tion performance of the yellow ink composition thereof into 
paper, a penetrating agent can also employed in addition to 
the above-mentioned surfactants: 

Speci?c examples of the penetrating agent are alkyl and 
aryl ethers derived from polyhydric alcohols such as dieth 
ylene glycol monophenyl ether, ethylene glycol monophenyl 
ether, ethylene glycol monoallyl ether, diethylene glycol 
monophenyl ether, diethylene glycol monobutyl ether, pro 
pylene glycol monobutyl ether, tetraethylene glycol chlo 
rophenyl ether; ?uorine-containing surfactants; acetylene 
surfactants; lower alcohols such as ethanol and 2-propanol. 

In particular, diethylene glycol monobutyl ether is pref 
erably employed. 
The yellow ink composition of the present invention may 

further contain conventionally known additives. For 
instance, sodium dehydroacetate, sodium sorbate, sodium 
Z-pyridinethiol-l-oxide, sodium benzoate, and sodium pen 
tachlorophenol can be employed as antiseptic agents. 

Furthermore, a corrosion inhibitor may also be added to 
the ink composition of the present invention. 

Examples of the corrosion inhibitor are acid sul?te, 
sodium thiosulfate, ammon thiodiglycollic acid, diisopropyl 
ammonium nits-its, pentaerythritol tetranitrate, and dicyclo 
hexyl ammonium nitrite. 

Furthermore, when necessary, a water-soluble ultraviolet 
absorbing agent and a water-soluble infrared absorbing 
agent can be employed. 

In the present invention, by setting the pH of the yellow 
ink composition of the present invention in the range of 7 to 
11, high preservation stability can be obtained, so that stable 
ejection of the ink composition can be attained even when 
ink jet printing is continuously performed for an extended 
period of time, or ink jet printing is resumed after a long 
non-use period. 

However, in the case where the dialkylsulfosuccinate of 
formula (V) is used as a surfactant in a yellow ink compo 
sition with the pH thereof being 9 or more, the dialkylsul 
fosuccinate tends to be decomposed, so that it is preferable 
that the pH of the yellow ink composition be set in the range 
of 7 to 9 when this surfactant is employed. 
Most of copy papers and other recording papers used in 

of?ces have a pH of 5 to 6, and when the yellow ink 
composition of the present invention is ejected in the form 
of droplets by thermal energy or mechanical energy, for 
instance, from a nozzle with an ejection diameter of 20 to 60 
pm at an ejection speed of 5 to 20 m/s, with an ejection 
amount of 10 ng to 160 ng, onto a sheet of plain paper with 
a Stockigt size ‘degree of 3 seconds or more, serving as an 
image-receiving medium to form images thereon, images 
with high quality and high resolution can be recorded. 
The yellow ink composition of the present invention can 

be used not for the formation of images with high image 
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quality and high resolution, on an image receiving sheet for 
ink jet printing, but also for plain paper in general use, and 
transparent sheets for overhead projector. 

Other features of this invention will become apparent in 
the course of the following description of exemplary 
embodiments, which are given for illustration of the inven 
tion and are not intended to be limiting thereof. 

EXAMPLE 1 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Yl>3) 2.0 
in TABLE 2 
Water-soluble dye compound (Y2-4) 1.0 
in TABLE 3 
Surfactant N0. 5 in TABLE 5 1.0 
Diethylene glycol 75 
Glycerin 2.5 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. l of the 
present invention was prepared. 

EXAMPLE 2 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Yl-l) 2.5 
in TABLE 2 
Water-soluble dye compound (Y3'5) 0.5 
in TABLE 4 
Surfactant No. 10 in TABLE 5 1.0 
Triethylene glycol 60 
Glycerin 2.0 
Diethylene glycol 2.0 
Deionized water the balance 

The above mixture was ?ltered through aTe?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 2 of the 
present invention was prepared. 

EXAMPLE 3 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Yl-2) 1.5 
in TABLE 2 
Water-soluble dye compound (Y2-3) 1.0 
in TABLE 3 
Water-soluble dye compound (Y 3-1) 0.5 
in TABLE 4 
Surfactant No. 6 in TABLE 5 1.0 
Diethylene glycol 8.0 
Glycerin 2.0 
Deionized water the balance 
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The above mixture was ?ltered through a Te?on ?lter with 

a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 3 of the 
present invention was prepared. 

EXAMPLE 4 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y 1-4) 1.5 
in TABLE 2 
Water-soluble dye compound (Y 2-3) 1.5 
in TABLE 3 
Surfactant No. 8 in TABLE 5 1.0 
Diethylene glycol 5.0 
Glycerin 2.0 
LS-pentanediol 3.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 4 of the 
present invention was prepared. 

EXAMPLE 5 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y 1-5) 1.5 
in TABLE 2 
Water-soluble dye compound (Y 2-6) 1.0 
in TABLE 3 
Water-soluble dye compound (Y 3-2) 0.5 
in TABLE 4 
Surfactant No. 12 in TABLE 5 1.0 
Diethylene glycol 6.0 
Glycerin 2.0 
Ttiethylene glycol 2.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 5 of the 
present invention was prepared. 

EXAMPLE 6 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y l-3) 2.0 
in TABLE 2 
Water-soluble dye compound (Y 2-6) 0.5 
in TABLE 3 
Water-soluble dye compound (Y3-3) 0.5 
in TABLE 4 
Surfactant No. 9 in TABLE 5 1.0 
Triethylene glycol 6.0 
Glycerin 2.0 
l,5-pentanediol 2.0 
Deionized Water the balance 
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The above mixture was ?ltered through aTe?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 6 of the 
present invention was prepared. 

26 
The above mixture was ?ltered through aTe?on ?lter with 

a mesh of 0.22 um, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 9 of the 
present invention was prepared. 

5 

EXAMPLE 7 
_ _ EXAMPLE 10 

A rmxture of the following components was stirred and _ _ _ 
dissolved at mom temperature; A nnxture of the followlng components was stirred and 

10 dissolved at room temperature: 

wt. % 
wt. % 

Water-soluble dye compound (Yl-S) 1.5 
in TABLE 2 Water-soluble dye compound (Yl-S) 1.5 
Water—soluble dye compound (Y2-5) 1.5 in TABLE 2 
in TABLE 3 15 Water-soluble dye compound (Y2-5) 1.5 
Surfactant No. 1 in TABLE 6 1.0 in TABLE 3 
Diethylene glycol 7.0 Surfactant No. 1 in TABLE 6 1.0 
Glycerin 3.0 Diethylene glycol 7.0 
Urea 1.0 Glycerin 3.0 
Deionized water the balance Deionized water the balance 

20 

The above mixture was ?ltered through aTe?on ?lter with The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 um, and was then deaerated for about 30 a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 7 of the minutes, whereby a yellow ink composition No. 10 of the 
present invention was prepared. 25 present invention was prepared. 

EXAMPLE 8 
_ _ _ EXAMPLE 11 

A mixture of the following components was stirred and _ _ _ 
dissolved at room temperamre; A mixture of the following components was stirred and 

30 dissolved at room temperature: 

wt. % 
wt. % 

Water-soluble dye compound (Y1—7) 2.5 
in TABLE 2 Water-soluble dye compound (Y1-7) 2.5 
Water-soluble dye compound (Y3-5) 0.5 35 in TABLE 2 
in TABLE 4 Water-soluble dye compound (Y3-5) 0.5 
Surfactant No. 3 in TABLE 6 2.0 in TABLE 4 
Glycerin 2.0 Surfactant No. 3 in TABLE 6 2.0 
Triethylene glycol 8.0 Glycerin 2.0 
Hydroxyethyl urea 0.5 Triethylene glycol 8.0 
Deionized water the balance 40 Deionized water the balance 

The above mixture was ?ltered through aTe?on ?lter with The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 um, and was then deaerated for about 30 a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 8 of the minutes, whereby a yellow ink composition No. 11 of the 
present invention was prepared. 45 present invention was prepared. 

EXAMPLE 9 
_ _ _ EXAMPLE 12 

A nuxture of the following components was stirred and _ _ _ 
dissowed at room temperature; 50 A mixture of the following components was stirred and 

dissolved at room temperature: 

wt. % 
wt. % 

Water<solub1e dye compound (Y1-9) 1.5 
in TABLE 2 55 Water-soluble dye compound (Yl-l) 2.0 
Water-soluble dye compound (Y2-7) 1.5 in TABLE 2 
in TABLE 3 Water~solub1e dye compound (Y 23) 1.0 
Surfactant No. 8 in TABLE 5 1.0 in TABLE 3 
Diethylene glycol 5.0 Surfactant No. 8 in TABLE 5 1.0 
Glycerin 2.0 Glycerin 2.0 
1,5-pentanediol 3.0 60 Triethylene glycol 8.0 
Deionized water the balance Deionized water the balance 
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The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a yellow ink composition No. 12 of the 
present invention was prepared. 

COMPARATIVE EXAMPLE 1 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Yl-3) 3.0 
in TABLE 2 
Surfactant No. 5 in TABLE 5 1.0 
Diethylene glycol 7.5 
Glycerin 2.5 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated about 30 
minutes, whereby a comparative yellow ink composition 
No. l was prepared. 

COMPARATIVE EXAMPLE 2 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye comyound (Yl-3) 3.0 
in TABLE 2 
Surfactant No. 10in TABLE 5 1.0 
Triethylene glycol 6.0 
Glycerin 2.0 
Diethylene glycol 2.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 2 was prepared. 

COMPARATIVE EXAMPLE 3 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y2-3) 1.5 
in TABLE 3 
Water-soluble dye compound (Y3-l) 1.5 
in TABLE 4 
Surfactant No. 10 in TABLE 5 1.0 
Diethylene glycol 7.5 
Glycerin 2.5 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 3 was prepared. 
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COMPARATIVE EXAMPLE 4 

A mixture of the following components was stirred and 
dissolved at room temperature: 

Water-soluble dye compound (Yl-S) 1.5 
in TABLE 2 
Watensoluble dye compound (Y2-6) 1.0 
in TABLE 3 
water-soluble dye conpound (Y 3-2) 0.5 
in TABLE 4 

(Cl-1;);Cl-ICH2CHZOCOCHZCHCOOCHZCHZCHCHQZ 1.0 
(Surfactant) 

Diethylene glycol 6.0 
Glycerin 2.0 
Triethylene glycol 2.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 4 was prepared. 

COMPARATIVE EXAMPLE 5 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y l-3) 2.0 
in TABLE 2 
Water-soluble dye compound (Y 2-6) 0.5 
in TABLE 3 
Water~soluble dye compound (Y 3-3) 0.5 
in TABLE 4 
Commercially available surfactant 1.5 
(Trademark "BT‘T’ made by Nikko 
Chemicals Co., Ltd.) 
Triethylene glycol 6.0 
Glycerin 2.0 
l,5—pentanediol 2.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 5 was prepared. 

COMPARATIVE EXAMPLE 6 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Y l-4) 2.0 
in TABLE 2 
Water-soluble dye compound (Y 2-2) 1.0 
in TABLE 3 
Sodium di(2-etl1ylhexyl)sulfo- 1.5 
succinate (surfactant) 
Glycerin 2.0 
Diethylene glycol 80 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 6 was prepared. 
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COMPARATIVE EXAMPLE 7 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Water-soluble dye compound (Yl-3) 2.0 
in TABLE 2 
Water-soluble dye compound (Y2‘l) 0.5 
in TABLE 3 
Water-soluble dye compound (Y3-2) 0.5 
in TABLE 4 
Dodecylbenzenesulfonate 1.5 
Glycerin 2,0 
Diethylene glycol 8.0 
Deionized water the balance 

The above mixture was ?ltered through aTe?on ?lter with 
a mesh of 0.22 um, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. '7 was prepared. 

COMPARATIVE EXAMPLE 8 

A mixture of the following components was stirred and 
dissolved at room temperature: 

wt. % 

Direct Yellow (DY) 120 3.0 
Surfactant No. 5 in TABLE 5 1.0 
Glycerin 2.0 
Diethylene glycol 8.0 
Deionized water the balance 

The above mixture was ?ltered through a Te?on ?lter with 
a mesh of 0.22 pm, and was then deaerated for about 30 
minutes, whereby a comparative yellow ink composition 
No. 8 was prepared. 

The yellow ink compositions Nos. 1 to 12 of the present 
invention, respectively prepared in Examples 1 to 12, and 
the comparative aqueous ink compositions Nos. 1 to 8, 
respectively prepared in Comparative Examples 1 to 8 were 
subjected to the following tests, with the adjustment of the 
pH thereof in the range of 7 to 11: 
(1) Image Clearness Inspection Test: 
Each yellow ink composition was separately ?lled into a 

thennal ink-jet printer with a head having 300 dpi nozzles 
and also into an ink-jet printer with 300 dpi nozzles capable 
of ejecting the ink composition therefrom by the application 
of pressure thereto by the action of a piezoelectric element 
of PZT. 

In this test, ink jet printing was conducted on three kinds 
of papers, that is, recycled paper, high quality paper, and 
bond paper. The image quality of the printed images was 
evaluated by visual inspection from the viewpoints of the 
image blurring, color tone and image density. 
The results are shown in TABLE 5. In TABLE 5, Mark 

“0” denotes that clear images with excellent color tone, free 
from image blurring, were obtained on all of the three kinds 
of papers; mark “A” denotes that slight image blurring was 
observed and the color tone thereof was unsatisfactory; and 
mark “x” denotes that the images were not clear and the 
color tone thereof was no good. 
(2) Water Resistance Inspection Test: 
A printed-image‘bearing sample obtained by use of each 

of the yellow ink composition was immersed in water at 30° 
C. for 1 minute, and the image density before the water 
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immersion thereof and that after the water immersion were 
measured by use of a Macbeth densitomer, and the water 
resistance of the image obtained by each aqueous ink 
composition was determined in terms of the fading ratio by 
percentage: 
The results are shown in TABLE 5. Mark “C” denotes 

that the fading ratio was less than 5%, mark “0” denotes that 
the fading ratio was 5 to less than 20%; mark “A” denotes 
that the fading ratio was 20% to less than 50%; and mark “x” 
denotes that the fading ratio was more than 50%. 
(3) Light-Resistance Inspection Test: 
A printed-image-bearing sample obtained by use of each 

of the yellow ink compositions was exposed to the light of 
a carbon arc type fade meter at 63° C. for 3 hours. The image 
density before the exposure and that after the exposure were 
measured by use of a Macbeth densitomer, and the light 
resistance of the image obtained by each yellow ink com 
position was determined in terms of the fading ratio by 
percentage. 
The results are shown in TABLE 5. Mark “0” denotes that 

the fading ratio was less than 3%; mark “A” denotes that the 
fading ratio was 3% to less than 10%; and mark “x” denotes 
that the fading ratio was 10% or more. 
(4) Drying Characteristics Inspection Test: 
A sheet of ?lter paper was brought into pressure contact 

with the printed image immediately after the images were 
printed on the above-mentioned three kinds of papers. The 
drying characteristics of the ink compositions were 
expressed by the time period from the contact of the ?lter 
paper with the printed images until no more images were 
transferred to the ?lter paper. 

In the case where the ink composition was dried and the 
transfer of the ink composition to the ?lter paper was 
?nished within 10 seconds with respect to all the three kinds 
of papers, the drying characteristics of the ink composition 
were regarded as excellent, which is indicated by mark “0” 
in TABLE 5. 
(5) Preservation Stability Test: 
Four samples of each ink composition were separately 

placed in a polyethylene container, and allowed to stand at 
—20° C., 5° C., 20° C. and 70° C. for three months. After the 
storage of three months, the presence or absence of a 
precipitate in each sample was visually inspected, and the 
changes in the physical properties such as the surface 
tension and viscosity were inspected. 
The results are shown in TABLE 5. Mark “0” denotes that 

no changes in the physical properties were observed and no 
precipitates were formed under any of the above-mentioned 
preservation temperature conditions. Mark “A” denotes that 
some changes in the physical properties and/or the formation 
of precipitates was observed under any of the above~men~ 
tioned preservation temperature conditions. Mark “x” 
denotes that some changes in the physical properties and/or 
the formation of precipitates were observed under all of the 
above-mentioned preservation temperature conditions. 
(6) Ink-Ejection Performance Reliability Test: 
Each ink composition was ?lled into the ink-jet printer 

with 300 dpi nozzles capable of ejecting the ink composition 
therefrom by the application of pressure thereto by the 
action of a piezoelectric element of PZT. 

Printing was continuously carried out without capping the 
printer head. After some intermission, printing was resumed 
without cleaning the nozzles. At this moment, the ink 
ejecting reliability of each ink composition was evaluated by 
a permissible intermission time or decapping time (sec), 
namely, the time from starting by the printing operation with 
the nozzles being decapped until the direction in which the 
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ink composition was ejected from one of the decapped halogen; Z is an alkanolarnine group; M+ is selected from 
nozzles was deviated from its original direction, or by the the group consisting of an alkali metal cation, a quaternary 
changes in the weight of the ejected ink droplets. The longer ammonium cation, a quaternary phosphonium cation, and an 
the permissible time, the higher the reliability. The results alkanol amine cation; and j and k are each an integer of 0 to 
are shown in TABLE 5. 3, and (b) at least one of a dye compound of formula (H) 

TABLE 5 

Reliability 
Image Water Light Drying Preser- of Ink 
Clear- Resis- Resis- charac- vation ejection 
ness lance tance terlstics Stability Performance 

EX. 1 O O O O O 550 
Ex. 2 O O O O O 600 or more 
Exv 3 O O O O O 550 
Ex. 4 O O O O O 500 
Ex. 5 O O O O O 550 
Ex. 6 O O O O O 600 or more 
Ex. 7 O O O O O 550 
Ex. 8 O O O O O 500 
Ex. 9 O O O O A 250 \ 
Ex. 10 O O O O A 250 ' 
Ex. ll 0 O O O A 250 
Ex. 12 O O O O A 250 
Comp. 0 O O O x 200 or less 
Ex. 1 
Comp. 0 G) O O 250 
Ex. 2 
Comp. 0 x O O 450 
Ex. 3 
Comp. 0 O O O x 250 
Ex. 4 
Comp. x O O O O 400 
Ex. 5 
Comp. x O O O x 250 
Ex. 6 
Comp. A O O O x (Low 400 
Ex. 7 Temperature) 
Comp. 0 A O O x 400 
Ex. 8 

The results shown in TABLE 5 indicate that the yellow 
ink compositions of the present invention can produce clear (Sm-Mm OCH3 (H) 
printed images with high water resistance and light resis 
tance, and have excellent drying characteristics. N 

Furthermore, the yellow ink compositions of the present N=N “if TNH_ 
invention are also excellent in the preservation stability and N N 
ink-ejection performance reliability. 

Japanese Patent Application No. 7-155 116 ?led May 30, Z 
1995, is hereby incorporated by reference. 45 
What is claimed is: OCT-I3 
1. A yellow ink composition for ink jet printing compris- (S03-M+),,l 

ing an aqueous solution which comprises: N=N 
a water-soluble dye which comprises (a) a dye compound 50 

of formula (I), 

(COO-Md,- (1) ' wherein Z and M+ are respectively the same as in formula 

N (I); and l and m are each an integer of 0 to 3, or a dye 

N=N NH? \||—NH— 55 compound of formula (H1) 
N N ) 
\ 

X \( 
Z 

N=N 

COOM 

Y wherein X, Y and M+ are respectively the same as in formula 

65 (I), 
wherein X and Y are each selected from the group consisting a Surfactant’ and 
of a hydrogen atom, an alkyl group, an alkoxyl group and a a wetting agent. 
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2. The yellow ink composition as claimed in claim 1, 
wherein said alkali metal cation represented by M+ is a 
cation selected from the group consisting of Na+ and Li‘“. 

3. The yellow ink composition as claimed in claim 1, 
wherein said quaternary ammonium cation represented by 
M+ is a cation represented by formula (1): 

.1, 
wherein R1 to R4 each is selected from the group consisting 
of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, and a halogenated alkyl group having 1 to 4 carbon 
atoms. 

4. The yellow ink composition as claimed in claim 1, 
wherein said alkanolamine cation represented by M+ is a 
cation represented by formula (2): 

wherein at least one of R11 to R14 is a hydroxyl alkyl group 
having 1 to 4 carbon atoms, and the other is selected from 
the group consisting of a hydrogen atom, an alkyl group 
having 1 to 4 carbon atoms, and a halogenated alkyl group 
having 1 to 4 carbon atoms. 

5. The yellow ink composition as claimed in claim 1, 
wherein said quaternary phosphonium cation represented by 
M+ is a cation represented by formula (3): 

R11 + (3) 

R24_§|>_R22 
1223 

wherein R21 to R24 each is selected from the group consist 
ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 
and a halogenated alkyl group having 1 to 4 carbon atoms. 

6. The yellow ink composition as claimed in claim 1, 
wherein said dye compound of formula (III) is in an amount 
of 30 wt. % or less of the entire weight of said water-soluble 
dye. 

7. The yellow ink composition as claimed in claim 1, 
wherein said surfactant is selected from the group consisting 
of a polyoxyethylene alkyl ether acetate of formula (IV), 

R0(CH2CH2O),,CH2COO_M+‘ (Iv) 

wherein R is a straight-chain or branched alkyl group having 
13 to 14 carbon atoms, M‘“ is an alkali metal cation, a 
quaternary ammonium cation, a quaternary phosphonium 
cation or an alkanolamine cation, and n is an integer of 3 to 
12; and a dialkylsulfosuccinate of formula (V), 

wherein R‘ is a straight-chain or branched alkyl group 
having 5 to 7 carbon atoms, and MI‘ is the same as de?ned 
in formula (IV). 

8. The yellow ink composition as claimed in claim 7, 
wherein said alkali metal cation represented by M“ is a 
cation selected from the group consisting of Na+ and Li". 

9. The yellow ink composition as claimed in claim 7, 
wherein said quaternary ammonium cation represented by 

Lil 

35 

45 

50 

65 

34 
M“ is a cation represented by formula (1): 

t (1) 
R1 

1 

R4_1l\]_R2 
R3 

wherein R1 to R4 each is selected from the group consisting 
of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, and a halogenated alkyl group having 1 to 4 carbon 
atoms. 

10. The yellow ink composition as claimed in claim 7, 
wherein said alkanolamine cation represented by M*' is a 
cation represented by formula (2): 

r (2) 
R11 

R14_Ilq._R12 
ILrs 

wherein at least one of R11 to R14 is a hydroxyl alkyl group 
having 1 to 4 carbon atoms, and the other is selected from 
the group consisting of a hydrogen atom, an alkyl group 
having 1 to 4 carbon atoms, and a halogenated alkyl group 
having 1 to 4 carbon atoms. 

11. The yellow ink composition as claimed in claim 7, 
wherein said quaternary phosphonium cation represented by 
M‘L' is a cation represented by formula (3): 

t (3) 
R21 

wherein R21 to R24 each is selected from the group consist 
ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 
and a halogenated alkyl group having 1 to 4 carbon atoms. 

12. The yellow ink composition as claimed in claim 1, 
wherein said surfactant is selected from the group consisting 
of a compound of formula (VI), 

(VT) 

wherein R" is a straight-chain or branched alkyl group 
having 6 to 14 carbon atoms, and n‘ is an integer of 5 to 12; 
and a compound of formula (V11), 

l 

/T\ /(F\ 
e2 ‘EH2 
‘(H2 | 
O O 

H H 

wherein a and b are each an integer of 0 to 40. 
13. The yellow ink composition as claimed in claim 12, 

further comprising at least one of urea or an urea derivative. 
14. The yellow ink composition as claimed in claim 1, 

wherein said wetting agent comprises triethylene glycol in 
an amount of l to 80 wt. % of the entire weight of said 
wetting agent. 

(VII) 

CH2 
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15. The yellow ink composition as claimed in claim 1, composition is acation selected from the group consisting of 
having a pH of 7 to 11. Na+ and Li+_ 

hatgigrlglggeélfoytg?ifomposmon as damned m claim 6’ 23. The method as claimed in claim 21, wherein said 

17. The yellow ink composition as claimed in claim 7, 5 quaternary ammonium cation represented by M+ in Said 
having a pH of 7 to 11. yellow ink composition is a cation represented by formula 

18. The yellow ink composition as claimed in claim 12, (1); 
having a pH of 7 to 11. 

19. The yellow ink composition as claimed in claim 13, I t (1) 
having a pH of 7 to 11. 10 I? 

20. The yellow ink composition as claimed in claim 14, R4—N—RZ 
having a pH of 7 to 11. 

21. A method of recording images on an image receiving 
medium, comprising the step of ejecting a yellow ink wherein R1 to R4 each is selected from the group consisting 
composition in the form of droplets by the application of 15 of a hydrogen atom, an alkyl group having 1 to 4 carbon 
thermal or mechanical energy thereto onto an image receiv- . 

.. atoms, and a halo enated alk l grou havrn l to 4 carbon ing medium with a Stockigt size degree of 3 seconds or g y p g 
more, with said yellow ink composition comprising an atoms‘ _ _ _ _ _ 

aqueous Solution which Comprises; 24. The method as claimed in claim 21, wherein said 

a water-soluble dye which comprises (a) a dye compound 20 alkanolamine Cation represented by M+ in Said yellow ink 
of formula (I), composition is a cation represented by formula (2): 

(COO-Mt); (I) 
N (COO'M+)k 

N N 
\ 

X Y Y 
Z 

30 

wherein X and Y are each selected from the group consisting 
of a hydrogen atom, an alkyl group, an alkoxyl group and a R11 + (2) 
halogen; Z is an alkanolamine group; M+ is selected from | 
the group consisting of an alkali metal cation, a quaternary 35 R‘4-N—R‘Z 
ammonium cation, a quaternary phosphonium cation, and an 1L1; 
alkanol amine cation; and j and k are each an integer of 0 to 
3, and (b) at least one of a dye compound of formula (H) 

OCH3 OCH3 
(SOS_M+)I 

N (SOa-Mm. 

N=N NH —{ W- NH N=N 
N N 

5/ 

(11) 

Z 

wherein Z and M+ are respectively the same as in formula wherein at least one of R11 to R14 is a hydroxyl alkyl group 
(I); and l and m are each an integer of O to 3, or a dye having 1 to 4 carbon atoms, and the other is selected from 
compound of formula (III) the group consisting of a hydrogen atom, an alkyl group 

X (III) 

HO 

{I @ SO3—M+ M+O3-S—< : : >—N=N1 N / 

Y 
COOM 

60 

wherein X, Y and M+ are respectively the same as in formula having 1 to 4 carbon atoms, and a halogenated alkyl group > 

(I), having 1 to 4 carbon atoms. 
a surfactant, and 25. The method as claimed in claim 21, wherein said 

a wetting agent, 65 quaternary phosphonium cation represented by M" in said 
22. The method as claimed in claim 21, wherein said yellow ink composition is a cation represented by formula 

alkali metal cation represented by M+ in said yellow ink (3): 
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R21 + 

R24_1|)__.R22 
.1... 

wherein R21 to R24 each is selected from the group consist 
ing of a hydrogen atom, an alkyl group having 1 to 4 carbon 
atoms, a hydroxy alkyl group having 1 to 4 carbon atoms, 
and a halogenated alkyl group having 1 to 4 carbon atoms. 

26. The method as claimed in claim 21, wherein said dye 
compound of formula (HI) in said yellow ink composition is 
in an amount of 30 wt. % or less of the entire weight of said 
water-soluble dye. 

27. The method as claimed in claim 21, wherein said 
surfactant in said yellow ink composition is selected from 
the group consisting of a polyoxyethylene alkyl ether acetate 
of formula (IV), 

wherein R is a straight-chain or branched alkyl group having 
13 to 14 carbon atoms, M"‘ is an alkali metal cation, a 
quaternary ammonium cation, a quaternary phosphonium 
cation or an alkanolarnine cation, and n is an integer of 3 to 
12; and a dialkylsulfosuccinate of formula (V), 

R'OCOCHZICHCOOR‘ (V) 

wherein R‘ is a straight-chain or branched alkyl group 30 
having 5 to 7 carbon atoms, and M’” is the same as de?ned 
in formula (IV). 

28. The method as claimed in claim 21, wherein said 
surfactant in said yellow ink composition is selected from 
the group consisting of a compound of formula (VI), 

38 

wherein R" is a straight-chain or branched alkyl group 

having 6 to 14 carbon atoms, and n' is an integer of 5 to 12; 

and a compound of formula (VH), 

l | 
o o 

H n 

wherein a and b are each an integer of .O to 40. 

29. The method as claimed in claim 28, wherein said 
yellow ink composition further comprises at least one of 
urea or a urea derivative. 

30. The method as claimed in claim 21, wherein said 

wetting agent in said yellow ink composition comprises 
triethylene glycol in an amount of 1 to 80 wt. % of the entire 
weight of said wetting agent. 

31. The method as claimed in claim 21, wherein said 
yellow ink composition has a pH of 7 to 11. 


